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I. INTRODUCTION 

Levine [9] introduced the concept of generalized closed sets as a generalization of closed sets in 
topological spaces. This concept was found to be useful to develope many results in general topology. The 
notion of nano topology was introduced by Lellis Thivagar [11] which was defined in terms of approximations 
and boundary region of a subset of an universe using an equivalence relation on it. He also established the weak 
forms of nano open sets namely nano a -open sets, nano semi open sets and nano pre open sets [11]. Extensive 
research on generalizing closedness in nano topological spaces was done in recent years by many 
mathematicians [5, 6, 16]. 

The aim of this paper is to continue the study of nano generalized closed sets in nano topological 
spaces. In particular, we present the notion of nano regular generalized b-closed sets (briefly, nano rgb-closed 
sets) and obtain their characterizations with counter examples. Also we establish various forms of continuities 
associated to nano regular generalized closed sets. 



II. PRELIMINARIES 

Definition 2.1 [17]: Let U be a non-empty finite set of objects called the universe and R be an equivalence 
relation on U named as the indiscernibility relation. Then U is divided into disjoint equivalence classes. 
Elements belonging to the same equivalence class are said to be indiscernible with one another. The pair (U, R) 
is said to be the approximation space. Let X£ U 

1. The lower approximation of X with respect to R is the set of all objects, which can be for certainly classified 
as X with respect to R and it is denoted by L R (X). That is 

L r (X) = |^J |R(x) : R(x) cz X}, where R(x) denotes the equivalence class determined by x£U. 

xdU 

2. The upper approximation of X with respect to R is the set of all objects, which can be possibly classified as 
X with respect to R and it is denoted by U R (X). That is 

U R (X) = U |R(JC) : R(x) nX^} 

xeU 

3. The boundary region of X with respect to R is the set of all objects, which can be classified neither as X nor 
as not-X with respect to R and it is denoted by B R (X). That is 

B r (X) = U r (X)-L r (X). 

Definition 2.2[11]: Let U be non-empty, finite universe of objects and R be an equivalence relation on U. Let 
X£U. Let Z R ( X ) = { U, (j) , L r (X), U r (X), B r (X)}. Then T R (X ) is a topology on U, called as the nano 
topology with respect to X. Elements of the nano topology are known as the nano-open sets in U and 
([/, T R ( X)) is called the nano topological space, [z R (X)\ is called as the dual nano topology of Z R (X ) . 
Elements of [r K (X )]‘ are called as nano closed sets. 

Definition 2.3[12]: If T r (X ) is the nano topology on U with respect to X, then the set 
B = [U, Lr(X), Br(X) } is the basis for Z R (X ). 

Definition 2.4 [12]: lf(£/,r*(X)) is a nano topological space with respect to X where XcU and if A <Z U, 
then the nano interior of A is defined as the union of all nano-open subsets of A and it is denoted by Nint(A). 
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That is, Nint(A) is the largest nano open subset of A. The nano closure of A is defined as the intersection of all 
nano closed sets containing A and is denoted by Ncl(A). That is, Ncl(A) is the smallest nano closed set 
containing A. 

Definition 2.5 [11]: Let ([/, r^(X)) be a nano topological space and A£U. Then A is said to be 

(i) nano semi-open if A C Ncl(Nint(A)) 

(ii) nano pre-open if A C Nint(Ncl( A)) 

(iii) nano a -open if A C Nint(Ncl(Nint( A))) 

(iv) nano semi pre-open if A C Ncl(Nint(Ncl( A))) 

(v) nano b-open if A cNcl(NintA) C Nint(NclA). 

NSO(U, X), NPO(U, X), NaOCU, X), NSPO(U, X) and NBO(U, X) respectively denote the families of all nano 
semi-open, nano pre-open, nano a-open, nano semi pre-open and nano b- open subsets of U. 

Let (t/, r s (X)) be a nano topological space and AcU. A is said to be nano semi closed, nano pre- 
closed, nano a-closed, nano semi pre closed and nano b-closed if its complement is respectively nano semi- 
open, nano pre-open, nano a -open, nano semi pre open and nano regular open. 

Definition 2.6: A subset A of a nano topological space ( U, r R (X))is called 

(1) nano generalized closed (briefly, nano g-closed)[5], if Ncl( A) C G whenever AcG and 
G is nano open in U. 

(2) nano semi-generalized closed (briefly, nano sg-closed)[6], if Nscl(A) C G whenever 
AcG and G is nano semi-open in U. 

(3) nano a -generalized closed (briefly, nano a g-closed)[16], if N a cl( A) C G whenever 
AcG and G is nano open in U. 

(4) nano generalized a -closed (briefly, nano g a -closed)[16], if N a cl(A) C G whenever 
AcG and G is nano a -open in U. 

Definition 2.7[12]: Let ( U,T R (X )) and ( V, T R ,(Y)) be nano topological spaces. Then a mapping 
/ : ( U, t r (X)) -» (v, r R , (F)) is said to be 

(i) nano continuous if f 1 ( B) is nano open in U for every nano-open set B in V. 

(ii) nano a- continuous if 1(B) is nano a-open in U for every nano-open set B in V. 

(iii) nano semi-continuous if f 1 ( B ) is nano semi-open in U for every nano-open set B in V. 

(iv) nano pre-con tinuous if f 1 (B) is nano pre-open in U for every nano-open set B in V. 

ill. Nano RGB-closed sets 

In this section, we investigate the class of nano regular generalized b-closed sets and study some of their 
characterizations. 

Definition 3.1: A subset A of a nano topological space ( [/, t R (X)) is said to be nano regular generalized 
closed sets (briefly Nrgb-closed) if Nbcl(A) C G whenever Ac G and G is regular open in U. 

The collection of all nano rgb-closed subsets of U is denoted by NrgbC(U, X). 

Theorem 3.1: Every nano b-closed set is nano rgb-closed. 

Proof: If A is nano b-closed in U and G is nano regular open in U such that AcG, Nbcl(A) = AcG. 
Therefore A is nano rgb-closed. 

Remark 3.1: Converse of the above theorem need not be true which can be seen from the following example. 

Example 3.1: Let U = {a, b, c, d} with U / R = { {a}, { c } , {b, d } } and X = {a, b}. Then the nano topology is 
defined as t r (X) = {U, (j ) , {a}, { b, d }, { a, b, d } } . Here the sets {a, b}, { a, d } are nano rgb-closed but not nano 
b-closed. 

The following theorem can also be proved in a similar way. 

Theorem 3.2: Let ( (J , T R ( X)j be a nano topological space and A — U, then every nano closed, nano regular 

closed, nano ct -closed , nano semi-closed, nano pre closed, nano g-closed, nano gb-closed, nano rg-closed, 
nano sg-closed, nano gs-closed, nano a g-closed, nano g a -closed sets are nano rgb-closed. 
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Remark 3.2: However the converse of the above theorem need not be true can be seen from the following 
example. 

Example 3.1 shows that the sets {b}, { d } are nano rgb-closed but not nano closed and nano rg-closed, the sets 
{a}, {b } are nano rgb-closed but not nano regular closed, the sets {a}, { b, d } are nano rgb-closed but not nano 
pre-closed, the sets {a, c}, {a, c, d} are nano rgb-closed but not nano gb-closed, the sets {a, c}, {a, d} are nano 
rgb-closed but not nano a g-closed and {a, d }, {a, b, d } are nano rgb-closed but not nano g a -closed. 

Example 3.2: Let U = {a, b, c, d} with U/R = {{a}, {c } , { b, d } } and X = { b, d } . Then the nano topology is 
defined as T K (X) = {U, (/) , {b, d}}. Here the sets { b } , {d} are nano rgb-closed but not nano gs-closed and the 
sets {a, b}, {a, d } are nano rgb-closed but not nano sg-closed. 

Example 3.3: Let U = {x, y, z} with U/R = { { x }, { y, z } } and X = {x, z}. Then the nano topology is defined 
as T R ( X )= {U, (/ , {x } , {y, z } } . Here the sets {y}, { z } are nano rgb-closed but not nano a -closed and the 
sets {x, y}, {x, z} are nano rgb-closed but not nano semi closed. 

Example 3.4: Let U = {a, b, c, d} with U / R = {{a, c}, { b } , { d } } and X = {a, d}. Then the nano topology is 
defined as t r (X)= {U, (f > , { d } , {a, c}, {a, c, d } } . Here the sets { c } , {d} are nano rgb-closed but not nano g- 
closed. 

We have the following implications for properties of subsets but none of its reverse implication is true. 



nano regular closed nano pre-closed nano nano g-closed nano sg-closed 




Theorem 3.3: A set A is nano rgb-closed in (U, X). Then Nbcl(A)-A has no non-empty nano regular-closed set. 
Proof: Let A be nano rgb-closed in (U, X), and F be nano regular-closed subset of Nbcl(A)-A. That is, F Cl 
Nbcl(A)-A. which implies F Cl Nbcl(A) O A c . Then F <Z Nbcl(A) and F CA C .F CA C implies AcF where 
F is a nano regular-open set. Since A is nano rgb-closed, Nbcl(A) CL F c . That is, F CL [Nbcl(A)] c . Thus, F Cl 
Nbcl(A) O [Nbcl(A)] c = (/) . Therefore ¥=(/). 

Theorem 3.4: Let A be nano rgb-closed set. Then A is nano b-closed if and only if Nbcl(A)-A is nano regular 
closed. 

Proof: Let A be nano rgb-closed set. If A is nano b-closed, then we have Nbcl(A)-A = (j) , which is a nano 
regular closed set. Conversely, let Nbcl(A)-A be nano regular-closed. Then by Theorem 3.3, Nbcl(A)-A does 
not contain any non-empty nano regular closed set. Thus, Nbcl(A)-A = (/) . That is, Nbcl(A) = A. Therefore A is 
nano b-closed. 

Theorem 3.5: Let A be nano regular open nano rgb-closed set. Then, AO F is nano rgb-closed whenever Fe 
NbC(U, X). 

Proof: Let A be nano regular open and nano rgb-closed, then Nbcl(A)CI A, but AciNbcl(A). Thus, A is nano 
b-closed in U. Hence A O F is nano b- closed in U which implies that A O F is nano rbg-closed in U. 

Theorem 3.6: Let BcAcU where A is a nano rgb-closed and nano regular open set. Then B is nano rgb- 
closed relative to A if and only if B is nano rgb-closed in U. 
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Proof: We first note that since BcA and A is both a nano rgb-closed and nano regular open set, then Nbcl( A) 
CA and thus Nbcl(B) (Z NbcKA) Cl A. Now from the fact that AONbcl(B) = Nbcl A (B), we have Nbcl(B) = 
Nbcl A (B) CA. If B is nano rgb-closed relative to A and G is nano regular open subset of U such that BcG, 
then B = BnAcGfiA where Gfl A is nano regular open in A. Hence as B is nano rgb-closed relative to A, 
Nbcl(B) = Nbcl A (B) cGfiAcG. Therefore B is nano rgb-closed in U. 

Conversely if B is nano rgb-closed in U and G is an nano regular open subset of A such that BcG, 
then G = N O A for some nano regular open subset N of U. As BcN and B is nano rgb-closed in U, Nbcl(B) 
(Z N . Thus Nbcl A (B) = Nbcl(B) (AAcNf)A = G. Therefore B is nano rgb-closed relative to A. 

Theorem 3.7: If A is nano rgb-closed set and B is any set such that AcB <Z Nbcl(A), then B is nano rgb- 
closed set. 

Proof: Let BcG, where G is a nano regular open set. Since A is nano rgb-closed and A <Z G, then Nbcl(A) <Z 
G and Nbcl(B) (Z Nbcl(NbcKA)) = Nbcl(A) <Z G. Therefore, Nbcl(B) (Z G and hence B is a nano rgb-closed 
set. 

Theorem 3.8: If A and B are nano rgb-closed sets, then A AJ B is nano rgb-closed. 

Proof: Let G be a nano regular open set in U such that AAJ B (Z G. Then, A and B <Z G. Since A and B are 
nano rgb-closed and G is a nano regular open set containing A and B we have Nbcl(A) (Z G and Nbcl(B) <Z G. 
Therefore, NbcKA AJ B) = Nbcl(A) AJNbcl(B) (Z G. That is NbcKA AJ B) (Z G. Hence AAJB is nano rgb- 
closed. 

Remark 3.3: Intersection of two nano rgb-closed sets need not be nano rgb-closed which is shown by the 
following example. 

Example 3.5: Let U = {a, b, c, d} with U / R = { {a, d }, { b}, { c } } and X = {a, c}. Then the nano topology is 
defined as t r (X)= {U, (f ) , {c}, {a, d }, {a, c, d}}. Here the sets {a, c}, {c, d} are nano rgb-closed but {a, c} 
O {c, d} = { c } is not nano rgb-closed set. 

Theorem 3.9: Let U and V be two nano topological spaces, A <Z V <Z U, and A be nano rgb-closed in U. Then 
A is nano rgb-closed in V. 

Proof: Let Gi be nano regular open relative to V such that A CG|. Then Gi= VHG, where G is nano regular 
open in U and A cVfiG. Therefore AcG. That is G is nano regular open set containing A. Since A is nano 
rgb-closed in U, Nbcl(A) <Z G. Therefore V O NbcKA) C Vfl G. That is Nbcl v (A) <Z G i for every nano 
regular open set Gjin V such that A (Z G i . Hence A is nano rgb-closed relative to V. 

Definition 3.2: A subset A of a nano topological space U is called nano regular generalized b-open (simply 
Nrgb-open) if A c is nano rgb-closed. 

The collection of all nano rgb-open subsets of U is denoted by NrgbO(U, X). 

Example 3.6: Let U = {a, b, c, d} with U / R = { {a, d }, { b } , { c } } and X = {a, c}. Then the nano topology is 
defined as r R (X) = {U, (j) , { c } , {a, d }, {a, c, d } }. Let A = {a, c, d}, then A c = { b } is nano rgb-closed, since U 
is the only nano regular open set containing A c . Therefore A is nano rgb-open. If A = {a, b, d}, then A c = { c } is 
not nano rgb-closed, since Nbcl(A c ) = Nbcl({c}) = { b, c } and {b, c } { c } , a regular open set such that A'cG. 

Therefore A is not nano rgb-open. 

Remark 3.4: x eNrgbcl(A) if and only if G O A T- (j) for every rgb-open set containing x. 

Remark 3.5: For subsets A, B of a nano topological space ( (J, T R (X)) 

(i) U - Nrgbint(A) = Nrgbcl(U-A) 

(ii ) U - Nrgbcl(A) = Nrgbint(U-A) 

Theorem 3.10: Every nano b-open set nano rgb- open. 

Proof follows from the Theorem 3.1. 

Theorem 3.11: A subset A CU is nano rgb-open if and only if F <Z Nbint(A) whenever F is nano regular 
closed set and F <Z A. 
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Proof: Let A be nano rgb-open set and suppose F CA where F is nano regular closed. Then U-A is a nano rgb- 
closed set contained in the nano regular open set U-F. Flence Nbcl(U-A) (Z U-F and U-Nbint(A) (Z U-F. Thus F 
(Z Nbint(A). Conversely, if F is a nano regular closed set with F (ZNbint(A) and F C A, then U-Nbint(A) (Z 
U-F. Thus Nbcl(U-A) (Z U-F. Hence U-A is a nano rgb-closed set and A is a nano rgb-open set. 

Theorem 3.12: If A and B are nano rgb-open, then A CA B is nano rgb-open. 

Proof: Let A and B are nano rgb-open sets, then A c and B c are nano rgb-closed. Hence A c AJ B c ( A FA B) c is 
nano rgb-closed and thus AfA B is nano rgb-open. 

Remark 3.6: The Union of nano rgb-open sets need not be rgb-open which is proved from the following 
example. 

Example 3.7: Let U = {a, b, c, d} with U/R = {{a, d }, { b } , {c} } and X = {a, c}. Then the nano topology is 
defined as t r (X) = {U, (/) , {c}, {a, d}, {a, c, d } } . Here the sets {d}, {a, b} are nano rgb-open sets but {d} AJ 
{a, b} = {a, b, d} is not nano rgb-open. 

Theorem 3.15: If Nbint(A) Cl B CZ A and if A is nano rgb-open then B is also nano rgb-open. 

Proof: Let Nbint(A) (Z B (Z A, then A c (Z B c (Z Nbel(A c ) where A c is nano rgb-closed set and hence B c is also 
nano rgb-closed by Theorem 3.7. Therefore B is nano rgb-open. 

IV. nano rgb-continuous and rgb-irresolute function 

In this section we define nano rgb-continuous function and study some of their characterizations. 

Definition 4.1: Let ( U, T R (X )) and ( V, T R , (X )) be nano topological spaces. Then a mapping 
f : ( U , T K (X)) — > ( \/, T k (Y)) is sa id to be nano regular generalized b-continuous (nano rgb-continuous) if 
the inverse image of every closed set in V is nano rgb-closed in U. 

Remark 4.1: Since the complement of nano rgb-closed set is nano rgb-open, f is nano rgb-continuous if and 
only if the inverse image of every nano open set in V is nano rgb-open in U. 

Theorem 4.1: Let ( U, T R (X )) and ( V, T R . ( Y )) be nano topological spaces and a mapping 

f:(U,T R (X))^(V,T R ,(Y)). Then, every nano b-continuous, nano continuous, nano a-continuous, nano 
semi continuous, nano pre continuous, nano g-continuous, nano sg-continuous functions are nano rgb- 
continuous. 

Proof follows from the definition. 

Remark 4.2: The converse of the above theorem need not be true which can be seen from the following 
examples. 

Example 4.1: Let U = {a, b, c, d} with U / R = { {a, c), {b}, { d } ) and X = {a, d}. Then the nano topology is 
defined as t r (X)= {U, (j ) , {d}, {a, c}, {a, c, d } }. Let V = {x, y, z, w} with V/R' = { {x }, { y, z } , {w) ). Then 
T R (X) = {V, (f > , { x } , {x, y, z}, {y, z) [.Define f \U — > V as f(a) = x, f(b)= w, f(c) = y and f(d) = z. Then f is 

nano rgb-continuous but f is not nano continuous and nano semi continuous since f 1 ( { A', Vi’ } ) = {a, b} and 

f 1 ( { y, z, W’} ) = { b, c, d } which are not nano closed and nano semi closed in U whereas {x, w}, {y, z, w) are 
nano closed in V. Thus a nano rgb-continuous function is not nano continuous and nano semi continuous. 

Example 4.2: Let U = {a, b, c, d} with U / R = {{a, c}, { b } , { d } } and X = {a, d}. Then the nano topology is 
defined as T R (X)= {U, (/) , {d}, {a, c}, {a, c, d } }. Let V = {x, y, z, w} with V/R' = { {x}, {y, z}, {w) ). Then 
T r (Y) = {V,f, {x } , {x, y, z}, {y, z} [.Define f \U -A- V as f( a) = w, f(b)= x, f(c) = y and f(d) = z. Then f is 

nano rgb-continuous but f is not nano b-continuous, g-continuous and nano pre continuous since 

f 1 ( { Z, vv) ) = {a, c, d} is not nano b-closed, nano g-closed and nano pre-closed in U. Thus a nano rgb- 
continuous function is not nano b-continuous, nano g-continuous and nano pre continuous. 
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Example 4.3: Let U = {a, b, c, d} with U /R = {{a}, {c } , {b, d } } and X = {b, d}. Then the nano topology is 
defined as T R (X)= {U, (j) , {b, d}. Let V = {x, y, z, w} with V/R' = { {x}, {y, z}, {w}}. Then T R fY) = {V, 
(j ) , {x }, {x, y, z}, {y, z} [.Define f \ U — > V as f(a) = x, f(b)= w, f(c) = y and f(d) = z. Then f is nano rgb- 

continuous but f is not nano sg-continuous since f 1 ( { A', VV } ) = {a, b[ and f 1 ( { w } ) = { b } which are not 
nano sg-closed in U whereas {x, w[, { w[ are nano closed in V. Thus a nano rgb-continuous function is not nano 
sg-continuous. 

The above results can be summarized in the following diagram. 

nano-gs-continuous 



nano-continuous 



■■ 



nano-sg-continuous 




nano- a -continuous 



nano- rgb-continuous ◄ nano-g-continuous 




nano-semi-continuous 




nano-b-continuous 



nano-pre-continuous 



Theorem 4.2: A function f : ( U, T R (X)j — > ( V, T R fY )) is nano rgb-continuous if and only if the inverse 
image of every nano closed set in V is nano rgb-closed in U. 

Proof: Let f be nano rgb-continuous and F be nano closed in V. That is, V-F is nano open in V. Since f is nano 
rgb-continuous, f 1 (V — F) is nano rgb-open in U. That is, U — f 1 ( F) is nano rgb-open in U. Therefore, 

f 1 (F) is nano rgb-closed in U. Thus, the inverse image of every nano closed set in V is nano rgb-closed in 
U, if f is nano rgb-continuous on U. Conversely, let the inverse image of every nano closed be nano rgb-closed. 
Let G be nano open in V. Then V-G is nano closed in V. Then f 1 (V — G ) is nano rgb-closed in U. That is, 

U — f 1 (G) is nano rgb-closed in U. Therefore, f 1 (G) is nano rgb-open in U. Thus, the inverse image of 
every nano open set in V is nano rgb-open in U. That is f is nano rgb-continuous on U. 

In the following theorem, we establish a characterization of nano rgb-continuous functions in terms of 
nano rgb-closure. 



Theorem 4.3: A function / : (£/,r R (X))— » (V,r^.(T)) is nano rgb-continuous if and only if 
f ( NrgbdfA )) Cl Nd ( f (A)) for every subset A of U. 

Proof: Let f be nano rgb-continuous and AcU. Then f(A) CZ V. Since f is nano rgb-continuous and 
Nclff (A)) is nano closed in V, f ' (NcN f (A))) is nano rgb -closed in U. Since f(A) <Z Ncl( f(A )) , 
/ ‘(/(A)) <= f-\Ncl(f(A))) , then NrgbdfA ) <= Nrgbcl[f _1 (Nd (/ (A)))] = 

/ ' (NcI(f(A))) . Thus, NrgbclfA ) c= / ' (NcKfi A))) . Therefore, f (Nrgbcl(A)) c= 

Nd(f (A)) for every subset A of U. Conversely, let f ( NrgbdfA )) Cl Ndff (A)) for every subset A of 
U. If F is nano closed in V, since / \F) cU, / (Nrgbd(f l (F))) <z Nd(f(f 1 (F))) = NdfF) = 
F. That is, / (Nrgbd(f~ l (F))) c= F. Thus Nrgbd(f l (F )) c= / _1 (F) . But f \F ) <z 

Nrgbcl(f ' ( F )) . Hence, Nrgbcl(f 1 ( F )) = f 1 (F) Therefore, f ' (F) is nano rgb-closed in U for 
every nano closed set F in V. That is, f is nano rgb-continuous. 



I UMER I ISSN: 2249-6645 I 



www.ijmer.com 



I Vol. 5 I Iss.ll Jan. 2015 I 731 



On Characterizations of Nano RGB-Closed Sets in Nano Topological Spaces 



Remark 4.3: If f (U , T R (X)j — > (V , t R (Y )j is nano b-continuous, then f (Nrgbcl(A)) is not 
necessarily equal to Ncl(f (A)) . 

Example 4.4: Let U = {a, b, c, d} with U / R = { {a, c}, {b}, {d } } and X = {a, d } . Then the nano topology is 
defined as T R (X) = {U, (/) , {d}, {a, c}, {a, c, d } } . Let V = {x, y, z, w} with V / R' = { {x}, {y, z}, {w} }. Then 
T r (X)= {Y,(/> , {x}, {x, y, z}, {y, z}}. Define f :U — » V as f(a) = x, f(b)= w, f(c) = y and f(d) = z. Then f is 
nano rgb-continuous. Let A = { c } cV. Then f (Nrgbcl(A)) = f({c}) = { y } . But, Ncl (f( A)) = Ncl({y}) 
= {y, z, w}. Thus, / ( NrgbclfA )) ^ Nclff (A)) , even though f is nano b-continuous. 

In the following theorem, we characterize nano rgb-continuous functions in terms of inverse image of 
nano closure. 

Theorem 4.4: A function f : ( U, T R ( X)j — > ( V , T R ,(Y )) is nano rgb-continuous if and only if 
Nrgbclf-\B )) <= f'(Nd(B)). 

Proof: If f is nano rgb-continuous and BcV, then Ncl(B) is nano closed in V and hence f ' ( Ncl ( B )) is 
nano rgb-closed in U. Therefore, Nrgbcl[f ' ( Ncl (B))\ = f ' (NcKB )) . Since B Cl Ncl (B) , f '(B) 
c f'(Ncl(B )). Therefore, Nrgbcl(f'(B )) c Nrgbcl [f (Ncl (5))] = f~'(Ncl(B)). That is, 
Nrgbclf ' ( B)) CZ f ' (NcKB )) . Conversely, let Nrgbclf ' ( B)) CZ f ' (NcKB )) for every subset B 
of V. If B is nano closed in V, then Ncl(B) = B. By assumption, Nrgbclf '(B)) CZ f ' ( Ncl ( B )) = 
f \B) . Thus Nrgbclf \B)) c f \B) . But f '(B) c Nrgbclf ^(B)) . Therefore 

Nrgbclf \B)) = f \B). That is, f 1 (B) is nano rgb-closed in U for every nano closed set B in V. 
Therefore f is nano rgb-continuous on U. 

The following theorem establishes nano rgb-continuous functions in terms of inverse image of nano 
rgb-interior of a subset of V. 

Theorem 4.5: A function f : (U ,T R (X )) — > ( V , T K (Y )) is nano rgb-continuous on U if and only if 
/ l (N\nt(B)) CZ Nrgbmt(f '(B)) for every subset B of V. 

Proof: If f is nano rgb-continuous and B CV, then N VCtt(B) is nano open in V and hence f ' (N lnt(B)) 
is nano rgb-open in U. Therefore, Nrgb\nt[f ' (N intf/?))] = f ' (N int(B)) . Also N int(B) CZ B 
implies that f '(Nint(B)) CZ f l (B). Therefore, Nrgb\nt\f '(AAnK/i))] <z Nrgb\nt(f '(B)). 
That is, f '(N 'mi(B)) CZ Nrgbint(f l (B)) . Conversely, let / ' (N int(fi)) c: Nrgb'mtif '(B)) 
for every B C V. If B is nano-open in V, then N int(B) = B. By assumption. / ' (N int(5)) CZ 
Nrgbmt(f ' (B)) . Thus, f '(B) c Nrgbmt(f ' (B)) . But Nrgbint(f l (B)) cz f '(B) . 

Therefore, f ' (B) = Nrgbint(f ' ( B )) . That is, f '(B) is nano rgb-open in U for every nano open set B 
in V. Therefore, f is nano rgb-continuous on U. 

Remark 4.4: Equality of the above theorems 4.4 and 4.5 does not hold in general can be seen from the 
following example. 

Example 4.5: Let U = {a, b, c, d} with U/R = {{a, c}, { b } , { d } } and X = {a, d }. Then the nano topology is 
defined as T R (X)= {U, (/) , {d}, {a, c}, {a, c, d}}. Let V = {x, y, z, w} with V / R' = { {x}, {y, z}, {w}}. Then 
T r (X)= {V, f , {x}, {x, y, z}, {y, z} }. Define f :U — > V as f(a) = x, f(b)= w, f(c) = y and f(d) = z. Then f is 
nano rgb-continuous. 

(i) Let B = {z} c: V. Then f '(Ncl(B)) = f~ l (y,z,w) = {b, c, d} and Nrgbclf '(B)) = 
Nrgbclf ' (B)) = {d}. Therefore Nrgbclf '(B)) + f '(Ncl(B)). 

(ii) Let B = {x, w} Cl V. Then f ' (N int(5)) = f w})) = {a, b} and 
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Nrgbint(f 1 (B)) = Nrgbint(f *({x, vv})) = 0. Therefore / ' (N 'mt(B)) ± Nrgbmt(f ‘(B)) 



Theorem 4.6: If (U , T R (X)) and ( V, t r ,(Y)) are nano topological spaces with respect to X CU and Y CZ 
V respectively, then any function f U — > V , the following conditions are equivalent: 

(a) f:{U,T R (Xj)^>(V,T R .(Yj) is nano rgb-continuous. 

(b) / (Nrgbcl(A)) CZ Ncl (f (A)) for every subset A of U. 

(c) Nrgbclf ‘(B)) CZ f 1 ( Ncl (B )) lor every subset B of V. 

Proof follows from the theorems 4.2, 4.3, 4.4. 

Definition 4.2: Let (fU ,T R (X)) and ( V , T /; ,(Y)) be two nano topological spaces. Then a function 
f : U — > V is said to be nano regular generalized b-irresolute (nano rgb- irresolute) if the inverse image of 
every nano rgb-closed set in V is nano rgb-closed in U. 

Example 4.4: Let U = {a, b, c, d} with U / R = {{a, c), {b}, { d } ) and X = {a, d). Then the nano topology is 
defined as t r (X)= {U, (j) , {d}, {a, c}, {a, c, d) ). Let V = {x, y, z, w) with V / R' = { {x }, {y, z}, {w[ ). Then 
T r ,(Y) = { Y,(/> , {x}, {x, y, z}, {y, z) [.Define / \ U —>V as f(a) = x, f(b)= w, f(c) = y and f(d) = z. Then f 
is nano rgb-irresolute since the inverse image of every nano rgb-closed set in V is nano rgb-closed in U. 

Theorem 4.7: A function f : U -A V is nano rgb-irresolute if and only if for every nano rgb-open set F in V, 
f ‘(F) is nano rgb-open in U. 

Proof follows from the fact that the complement of a nano rgb-open set is nano rgb-closed and vice versa. 

Theorem 4.8: A function / : U -A V is nano rgb-irresolute, then f is nano rgb-continuous. 

Proof: Since every nano closed set is nano rgb closed, the inverse image of every nano closed set in V is nano 
rgb closed in U, whenever the inverse image of every nano rgb-closed set is nano rgb-closed. Therefore, any 
nano rgb-irresolute function is nano rgb-continuous. 

Remark 4.5: The converse of the above theorem need not be true shown in the following example. 



Example 4.7: Let U = {a, b, c, d[ with U / R = { {b}, {c}, {a, d } } and X = {a, c}. Then the nano topology is 

defined as t r (X)= {U, (j ) , {c}, {a, d } , {a, c, d } } . Let V = {x, y, z, w} with V / R' = {{y}, {w}, {x, z } } . Then 

T r .(Y) = { V,</> , {z }, {x, z}, {x, z, w) [.Define / .U — > V as f(a) = x, f(b)= y, f(c) = z and f(d) = w. Then f 

is nano rgb-continuous. But f is not nano rgb-irresolute, since f'ffz}) ri ,■ , ■ , U1 • 

b b J J / = { c } which is not nano rgb-closed in 

V whereas { z } is nano rgb-closed in V. Thus a nano rgb-continuous function is not nano rgb-irresolute. 



Theorem 4.9: If f :U — > V is nano rgb-irresolute and g : V — > W is nano rgb-continuous, then 
g ° f : U — > W is nano rgb-continuous. 



Theorem 4.10: If f \U — > V is nano rgb-continuous and g V — > W is nano continuous, then 
g ° f :U — > W is nano rgb-continuous. 

The proof of the theorems 4.9 and 4. 10 are obvious. 

Theorem 4.11: If f \ U — > V is nano rgb-irresolute and g : V — > W is nano b-continuous, then 
g o f \U — > W is nano rgb-continuous. 

Proof: Let G be nano open in W. Then g ‘(G) is nano b- open in V, since g is nano b-continuous. Thus 
g ‘(G) is nano rgb-open in V, since every nano b-open is nano rgb-open. Then f ‘(g ‘(G) = 
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(g ° f) 1 (G) is nano rgb-open in U and hence g ° f is nano rgb-continuous. Similarly we can prove the 
following theorem. 

Theorem 4.12: If f :U — > V is nano rgb-irresolute and g : V — > W is nano a -continuous, then 
g ° f :U — > W is nano rgb-continuous. 



Theorem 4.13: If f '.U — > V is nano rgb-irresolute and g V — > W is nano semi-continuous, then 
g ° f :U — > W is nano rgb-continuous. 



Theorem 4.14: If f :U — > V is nano rgb-irresolute and g V — > W is nano pre-con tinuous, then 
g o f \U — > W is nano rgb-continuous. 

Theorem 4.15: If f - U — > V is nano rgb-irresolute and g : V — > W is nano g-continuous, then 
g o f \U — > W is nano rgb-continuous. 

Proof of the above theorems follows from the definition. 

Theorem 4.16: Let [U ,T R (X)),{V ,T R ,(Y)),(W ,T R „(Z)) be nano topological spaces. If f : U — » V 
and g : V — > W are nano rgb-irresolute, then g ° f \ U — > W is nano rgb-irresolute. 

Proof: Let GcWis nano rgb-open, then g 1 (G) is nano rgb-open in V, since g is nano rgb-irresolute. Since f 
is nano rgb-irresolute, f \g ' (G) is nano rgb-open in U. Thus (g ° f) ' (G) is nano rgb-open in U. 
Therefore, g ° f is nano rgb-irresolute. 



REFERENCES 

[1] D. Andrijevi C - Semi preopen sets, Mat. Vesnik, 38(1986), no. 1, 24-32. 

[2] D. Andrijevi C , On b-open sets, Mat. Vesnik 48 (1996), no. 1-2, 59-64. 

[3] Ahmad Al-Omari and Mohd. Salmi Md. Noorani, On Generalized b-closed sets. Bull. Malays. Math. Sci. Soc. 
(2)32(1)(2009), 19-30. 

[4] P. Bhattacharryya and B. K. Lahiri, semi generalized closed sets in topology, Indian J. Math. 29(1987), (1988), no.3, 
375-382. 

[5] Bhuvaneswari and Mythili Gnanapriya K, Nano generalized closed sets in nano topological spaces.International 
Journal of Scientific and Research Publications, (2014). 

[6] Bhuvaneswari K, Ezhilarasi, On nano semi- generalized and generalized- semi closed sets in nano topological spaces, 
International Journal of Mathematics and Computer Applications Research, (2014), 117-124. 

[7] E. Ekici and Caldas, Slightly y -continuous functions, Bol. Soc. Parana. Mat. (3) 22 (2004), no. 2, 63-74. 

[8] M. Ganster and M. Steiner, On b r -closed sets, Appl. Gen. Topol. 8 (2007), no. 2, 243-247. 

[9] N. Levine, Generalized closed sets in topology, Rend. Circ. Mat. Palermo (2) 19 (1970), 89- 96. 

[10] N. Levine, semi open sets and semi continuity in topological spaces, Amer, Math. Monthly 70(1963), 36- 41. 

[11] M. Lellis Thivagar and Carmel Richard, On nano forms of weakly open sets, International Journal of Mathematics 
and statistics Invention, (2013), 31-37. 

[12] Lellis Thivagar. M and Carmel Richard “On Nano Continuity”, Mathematical theory and modeling, (2013), no.7, 32- 
37. 

[13] A. S. Mashhour, M. E. Abd El-Monsef and S. N. El-Deep, On pre continuous and weak pre-continuous mappings, 
Proc. Math. Phys. Soc. Egypt No. 53 (1982), 47-53 (1983). 

[14] H. Maki, R. Devi and K. Balachandran, Associated topologies of generalized a -closed sets and a -generalized 
closed sets, Mem. Fac. Sci. Kochi Univ. Ser. A Math. 15 (1994), 51-63. 

[15] O. Njastad, On some classes of nearly open sets, Pacic J. Math. 15 (1965), 961-970. 

[16] Thanga Nachiyar R, Bhuvaneswari K, “On nano generalized a -closed sets and nano ot - generalized closed sets in 
nano topological spaces ”, International Journal of Engineering Trends and Technology, (2014), no.6. 

[17] Z. Pawlak (1982) “Rough Sets”, International Journal of Information and Computer Sciences, 11( 1982), 341-356. 



I UMER I ISSN: 2249-6645 I 



www.ijmer.com 



I Vol. 5 I Iss.ll Jan. 2015 I 761 



